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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This is a revision of R1-1715539.
In RAN1#90, the agreements and conclusions regarding DMRS for broadcast PDSCH are as follows:
Agreements:
· For broadcast/multicast PDSCH:
· Additional DMRS is always present (Alt. 1)
· FFS: location and number of additional DMRS
Conclusion:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port: 
· Companies are encouraged to perform more analysis/evaluations. To conclude the DM-RS pattern in the next RAN1 meeting
In RAN1#90, the last additional DMRS symbol position for the one front-loaded symbol case is agreed as:
Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 
· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 
· Note: See the agreed positions in the figure. 
· The yellow region in the figure below does not contain PDSCH.
The port indexing method is also agreed as CS first, FDM second in RAN1#90.
The agreements regarding DMRS symbol numbers in RAN1 NR AH2 are as follows:
Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols
In this contribution, we discuss the issues on broadcast PDSCH DMRS, DMRS port/resource indication, and DMRS symbol number determination.
2 Discussion
2.1 DMRS for Broadcast PDSCH 
It has been agreed that the additional DMRS is always present for broadcast PDSCH. The location and number of additional DMRS are still under discussion. The transmission layer of broadcast PDSCH is restricted to be 1, and high speed scenario should be addressed. We propose that the front-loaded broadcast PDSCH DMRS occupies a single symbol to save signaling overhead and one additional DMRS symbol is located in the later part of the slot to track the time domain channel variance. 
Different additional DMRS positions for different PDSCH durations have been agreed for unicast PDSCH. For broadcast PDSCH, PDSCH duration configuration based on SFI in group common PDCCH is not available, so it is desirable that the duration of broadcast PDSCH is a predefined value, for example, 14. Based on the predefined broadcast PDSCH duration, the symbol position of additional DMRS can also be predefined, such as symbol 11.
Proposal 1: The symbol number of additional DMRS for broadcast PDSCH is 1.
Proposal2: The symbol position of additional DMRS for broadcast PDSCH is symbol 11.
2.2 DMRS port/resource indication
2.2.1 DMRS port indication for CP-OFDM
In RAN1# 90 meeting, the port indexing has been agreed as shown in Fig 1. The port mapping order is CDM->FDM->TD-OCC for both configurations. There is also a note saying “Note: this is independent discussion from the DMRS table design or the port scheduling principles”. If the channel characteristics in frequency domain will change very dynamically, CDM multiplexing in frequency domain may suffer from performance loss. It is desirable to disable use of CDM, and use only FDM for port multiplexing.
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Fig 1. Port indexing for configuration 1/2
Index 0 to 18 in Table 1 is based on CDM->FDM->TD-OCC. This order is suitable for slow frequency domain fading channel, and can be used to enable transparent MU-MIMO transmission. With FDM first port multiplexing, we can add index 19 in Table 1. It enables the two layers of a single UE multiplexed by FDM. To enable MU operation with index 19, another row with index 20 can be added. Index 19 and index 20 can be allocated to two different UEs, respectively.
Similar principle can be applied to Table 2. We can add indices 26/27 and corresponding MU pair indices 28/29. The difference between configuration 2 and configuration 1 is that there are 3 different frequency domain positions for configuration 2 while 2 for configuration 1. As a result, 4 more rows will be added.
Table 1: DMRS table for configuration 1 (CS+comb)
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Table 2: DMRS table for configuration 2(FDM+FD-OCC)
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Proposal 3: Support Table 1 and Table 2 for PDSCH DMRS configuration 1 and configuration 2, respectively. 
2.2.2 DMRS table design for DFT-S-OFDM
When DFT-S-OFDM is used as UL waveform, CS/comb/TD-OCC will be used as the multiplexing scheme for multiple DMRS ports. Meanwhile, only one layer will be supported for a UE, which means that the multiplexing is for different UEs. As a result, it is desirable to guarantee flexible allocation of DMRS resource for each UE.
Here we provide a table to address the flexibility from MU perspective.
Table 3: DMRS table for UL DFT-S-OFDM.
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With this table, gNB can indicate to UE which resource index to be used. It is up to gNB configuration to guarantee that different UEs use orthogonal DMRS resources. If all the columns are supported, 3 bits are necessary for indication.
Proposal 4: Support Table 3 for UL DFT-S-OFDM.
2.3 DMRS symbol number determination
For a single UE, when time domain OCC for at least one of the antenna ports is (+1,-1), it means that two adjacent symbols need to be used together for port multiplexing. When the time domain OCC for all the antenna ports are (+1, +1), one DMRS symbol can improve spectral efficiency, and two DMRS symbols can improve channel estimation or enable high order MU-MIMO. The UE needs to know whether the DMRS occupies one symbol or two symbols.
Here we list several options to determine the DMRS symbol number:
· Alt 1: Based on whether time domain OCC sequence (+1,-1) is used for any of UE’s DMRS ports
· Alt 2: Predefined in specification to be one symbol or two symbols
· Alt 3: Explicit RRC/DCI signaling to indicate one symbol or two symbols.
For Alt 1, if only OCC (+1,+1) is indicated to all the UE’s DMRS ports, the UE can assume there is one symbol for the front-loaded DMRS, otherwise, the UE can assume there are two symbols for the front-loaded DMRS. In this case, at most 4 UEs can be multiplexed in a transparent way. The advantage is no additional signaling overhead, and meanwhile it can support one symbol and two-symbol front-loaded DMRS occupation dynamically.
For Alt 2, it can be considered as a predefined/default DMRS time domain symbol occupation. At most 8 UEs can be multiplexed in a transparent way if two-symbols are assumed. More DMRS symbols can result in more accurate channel estimation. The disadvantage is that relatively large signaling overhead. 
For Alt 3, 1 bit signaling can be used to indicate whether one symbol or two symbols are used. The signaling can be RRC or UE-specific DCI signaling. Considering the flexibility and signaling overhead, we slightly prefer RRC configuration of the DMRS symbol number.
Proposal 5: Support explicit RRC signaling to indicate the DMRS symbol number.
3 Conclusion
In this contribution, we analyzed the issues regarding broadcast PDSCH DMRS configuration, DL/UL DMRS port/resource indication, DMRS symbol number determination, and our proposals are as follows:
Proposal 1: The symbol number of additional DMRS for broadcast PDSCH is 1.
Proposal2: The symbol position of additional DMRS for broadcast PDSCH is symbol 11.
Proposal 3: Support Table 1 and Table 2 for PDSCH DMRS configuration 1 and configuration 2, respectively. 
Proposal 4: Support Table 3 for UL DFT-S-OFDM.
Proposal 5: Support explicit RRC signaling to indicate the DMRS symbol number.
4 References
[bookmark: _Ref485257329]Chairman’s notes, RAN1#90
Chairman’s notes, RAN1 NR AH#02
R1-1715261, “WF on Remaining issues on DMRS”, Qualcomm, 3GPP RAN1#90
Chairman’s notes, RAN1 NR AH#03

image3.emf
Index DMRS port(s) Comment

0 Port 0 SU 1 layer

1 Port 0-1 SU 2 layers

2 Port 0-2 SU 3 layers

3 port 0-3 SU 4 layers

4 port 0-4 SU 5 layers

5 port 0-5 SU 6 layers

6 port 0-6 SU 7 layers

7 port 0-7 SU 8 layers

8 Port 1 MU 1 layer

9 Port 2 MU 1 layer

10 Port 3 MU 1 layer

11 port 4 MU 1 layer

12 port 5 MU 1 layer

13 port 7 MU 1 layer

14 port 8 MU 1 layer

15 port 9 MU 1 layer

16 port 10 MU 1 layer

17 port 11 MU 1 layer

18 Port 2-3 MU 2 layers

19 Port 4-5  MU 2 layers

20 port 6-7 MU 2 layers

21 port 8-9 MU 2 layers

22 port 10-11 MU 2 layers

23 Port 4-7 MU 4 layers

24 port 8-11 MU 4 layers

25 port 4-11 MU 8 layers

26 Port 0/2 SU 2 layers

27 Port 0/2/4 SU 3 layers

28 Port 6/8 MU 2 layers

29 Port 6/8/10 MU 3 layers
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comb 0 0 1 1 0 0 1 1

CS 0 6 0 6 0 6 0 6
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Index DMRS port(s) Comment

0 Port 0 SU 1 layer

1 Port 0-1 SU 2 layers

2 Port 0-2 SU 3 layers

3 port 0-3 SU 4 layers

4 port 0-4 SU 5 layers

5 port 0-5 SU 6 layers

6 port 0-6 SU 7 layers

7 port 0-7 SU 8 layers

8 Port 1 MU 1 layer

9 Port 2 MU 1 layer

10 Port 3 MU 1 layer

11 Port 4 MU 1 layer

12 Port 5 MU 1 layer

13 Port 6 MU 1 layer

14 Port 7 MU 1 layer

15 Port 2-3 MU 2 layers

16 Port 4-5  MU 2 layers

17 port 6-7 MU 2 layers

18 Port 4-7 MU 4 layers

19 Port 0/2 SU 2 layers

20 Port 4/6 MU 2 layers


